The fifth and sixth growth factor-like domains of thrombomodulin bind to the anion-binding exosite of thrombin and alter its specificity.
The domain of thrombomodulin that binds to the anion-binding exosite of thrombin was identified by comparing the binding of fragments of thrombomodulin to thrombin with that of Hirugen, a 12-residue peptide of hirudin that is known to bind to the anion-binding exosite of thrombin. Three soluble fragments of thrombomodulin, containing (i) the six repeated growth factor-like domains of thrombomodulin (GF1-6), (ii) one-half of the second through the sixth growth factor-like repeats (GF2.5-6), or (iii) the fifth and sixth such domains (GF5-6), were examined. Hirugen was a competitive inhibitor for either GF1-6 or GF2.5-6 stimulation of thrombin activation of protein C. GF5-6, which binds to thrombin without altering its ability to activate protein C, competed with fluorescein-labeled Hirugen for binding to thrombin. Therefore, all three thrombomodulin fragments, each of which lacked the chondroitin sulfate moiety, competed with Hirugen for binding to thrombin. To determine whether GF5-6 and Hirugen were binding to overlapping sites on thrombin or were interfering allosterically with each other's binding to thrombin, the effects of each thrombomodulin fragment and of Hirugen on the active site conformation of thrombin were compared using two different approaches: fluorescence-detected changes in the structure of the active site and the hydrolysis of chromogenic substrates. The GF5-6 and Hirugen peptides affected these measures of active site conformation very similarly, and hence GF5-6 and Hirugen contact residues on the surface of thrombin that allosterically alter the active site structure to a similar extent. Full-length thrombomodulin and GF1-6 alter the active site structure to comparable extents, but the amidolytic activity of thrombin complexed to thrombomodulin or GF1-6 differs significantly from that of thrombin complexed to GF5-6 or Hirugen. Taken together, these results indicate that the GF5-6 domain of thrombomodulin binds to the anion-binding exosite of thrombin. Furthermore, the binding of GF5-6 to the anion-binding exosite alters thrombin specificity, as evidenced by GF5-6-dependent changes in both the kcat and Km of synthetic substrate hydrolysis by thrombin. The contact sites on thrombin for the GF4 domain and the chondroitin sulfate moiety of thrombomodulin are still unknown.